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AbSTrAcT
Purpose. The aim of this investigation was to look for relationships between the repeatability of forces generated during the 
movement rhythm present in step aerobics and the movement to a rhythm by the upper and lower limbs alone. As step aerobics 
requires the symmetric involvement of both the upper and lower limbs, it appears to be important to examine whether a relation-
ship exists between repeatability of a rhythm and a repeatability of forces generated when moving to a rhythm. As step aerobics 
is considered an endurance activity, the repeatability of the force reproduced by the lower limb muscles may be important in 
the prevention of injury. Methods. The study involved using a mock step bench which consisted of two Kistler force plates. 
The 29 female subjects of the study executed two motor tasks. The first task was hitting the plate with the dominant and the 
non-dominant upper and lower limb to a musical rhythm. The second task consisted in performing the basic step of step aero-
bics on the bench. The rhythm in both tasks was dictated by the beat of a metronome. Results. No statistically significant 
differences were found between respectability of producing a rhythm by the dominant and non-dominant upper and lower 
limbs. No correlation was found between the rhythm reproduction error of the limbs and the accuracy of moving to a rhythm 
during the step aerobics task. This second task was characterized by a high repeatability of the generated forces and a high variability 
in following a musical rhythm. Conclusions. body mass does not influence the force generated during rhythm reproduction 
with the upper and lower limbs. During step walking, the study participants were characterized with a high repeatability of generated 
force and also by a high variability in following a musical rhythm.
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Introduction

Step aerobics is a kind of physical activity in which 
the rhythm of movement is defined by an external mu-
sical rhythm. It involves a variety of movements created 
by using both the lower and upper limbs, where step 
aerobics instructors attempt to ideally keep the set of 
moves symmetrical and by using both left and right 
limbs equally. As the basic form of movement is based 
on a different combination of step moves, where the ini-
tiation of a step with the right lower limb is frequently 
paired to the usage of the left upper limb. Music is used 
to accompany this form of physical exercise, making it 
easier for its participants to adjust their rhythm of move-
ment to the beat of the music being played. This makes 
it possible to easily determine the step frequency and to 
control the intensity of exercise to the participants’ 
fitness level. Unlike the rhythm of movement found in 
sports such as figure skating and rhythmic sportive gym-
nastics, in which the body’s movement is used to express 
or enhance the music being played, the rhythm found in 
most step aerobics classes corresponds to the most basic 
form of musical rhythm, i.e. body movement is rhyth-
mically choreographed to the beats of the music It can 
therefore be assumed that the lower and upper limb 

movements performed on the basis of a musical beat are 
an expression of rhythmical ability.

rhythmic ability, considered as an facet of coordi-
nation, has been a subject in fields of kinesiology. Many 
researchers have investigated, for example, bimanual 
coordination [1–3]. Others have been searching for 
special structures within the cNS responsible for the 
ability to reproduce a musical rhythm within a move-
ment [4, 5]. In order to assess the rhythmization ability, 
by either studying its determinants [4, 6] or in diagnosing 
it for physical education [7] or for competitive sports pur-
poses [8, 9], various tests quantifying the accuracy of 
movement performed in a defined time have been used.

Humans are asymmetric by nature. The problem of 
symmetrical movement of the upper and lower limbs has 
been the subject of many studies and the correspond-
ing methodology can be traced back to the bernstein 
theory [10]. Asymmetry manifests itself by a differen-
tiation in the kinematic and kinetic parameters of the 
limbs during walking [11], by the muscle strengths on 
the right and left side of the body [12, 13] as well as by 
the accuracy of movements of the right and left upper 
limbs [14]. research found that the ability to produce 
a musical rhythm with upper limbs can be characterized 
by being either asymmetric or symmetric [1]. This can 
result from the rhythm complexity or from a differen-
tiation of its dynamics. In the case of physical activity 
which is subject to musical rhythm (such as aerobics, 
dance, skating) and comprises of symmetrical move-
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ments, it is important that its participants produce both 
symmetric and repeatable values of forces.

On the one hand, step aerobics helps improve the 
movement symmetry of the lower and upper limbs, 
but on the other hand, they themselves require a cer-
tain level of rhythmical ability. The ability to repro-
duce movement that is musically rhythmic is based on 
muscle control and depends directly on muscular syner-
gism, which manifests itself, among others, in the opti-
mization of the recruitment of agonists, antagonists and 
synergists in every movement cycle [15]. As such, in step 
aerobics, the slowing down of movement by one musical 
bar (measure) forces the participants to therefore speed 
up in the next sequence of movements. As improper syn-
chronization of muscle activation may result in the poor 
damping of the ground reaction forces [16], which may 
lead to ankle joint injuries caused by articular capsule 
damage. The results of certain studies find that ankle 
joint injuries are one of the most frequent forms of in-
juries in step aerobics. The creation of an easy-to-perform 
test of rhytmization ability test could therefore protect 
less-able individuals from suffering locomotor injuries.

Therefore, the aim of this study was to find a relation-
ship between the repeatability of the forces generated 
during the rhythmic stepping performed in step aero-
bics and the rhythmic movements executed by the upper 
and lower limbs alone. Since step aerobics requires the 
symmetric involvement of both the lower and upper 
limbs, it seems important to conduct research to examine 
whether there exists a relationship between the rhythmic 
repeatability and the repeatability of the forces generated 
when performing rhythmic movement. As step aerobics 
is considered an endurance activity (where an average 
sessions lasts 60 min), the repeatability of the forces pro-
duced by the lower limb muscles may be important in 
the prevention of injury.

Material and methods

The study consisted of 29 randomly selected female 
participants who were students at the Department of 
Physical Education, aged 19 to 26. Their average body 
height was 167.8 ± 5.77 cm and body mass was 59.2 ± 
4.90 kg. The laterality of the participants’ upper and 
lower limbs (whether they were right-handed, left-
handed, right legged, left legged) was determined, based 
on a questionnaire [17]. Those who took part in the 
study had never before participated in step aerobics, 
nor played a musical instrument nor received any mu-
sical education. All participants were unaware of the 
purpose of the experiment.

Experimental stand

Data was collected at the biomechanical Analyses 
Laboratory of the University School of Physical Educa-
tion in Wrocław (ISO quality standards: ISO 9001:2001). 

A special structure (a mock step bench) was built in 
order to carry out this study. It consisted of two Kis-
tler force plates (type 9282b), where one was mounted 
at a height 15 cm (plate A) and the other placed on the 
floor (b). The platforms were connected through an 
eight channel 9863A Kistler amplifier with a sampling 
frequency of (500 Hz) and an analog-to-digital con-
verter to a computer running bioWare® 2.0 software, 
which was supplied by the force plate manufacturer.  
A digital metronome set to a frequency of 132 bpm 
(beats per minute) was used during the experiment.

Description of motor tasks

Each participant executed two motor tasks. The first 
one consisted in following the beat of the metronome 
with the upper and lower limbs. The participant first 
hit the Kistler force plate ten times with the right and 
left upper limbs and then with the right and left lower 
limb. When being tested with the upper limbs the par-
ticipant was in a position as shown in Figure 1, where 
the opposing upper limb was positioned on the ground.

When performing the lower limb movements the 
participant sat in a chair (seat height of 43 cm), where 
the upper limbs rested on both sides of the chair (Fig. 2), 

Figure 1. The experimental setup. rhythm reproduction 
with the upper limb on a Kistler force plate (A)

Figure 2. The experimental setup. rhythm reproduction 
with the lower limb on a Kistler force plate (b)
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with the non-tested lower limb resting freely on the 
ground. The participants then hit the Kistler force plate 
found on the ground (plate b) with the lower limb while 
following the beat of the metronome.

The second motor task consisted in executing ten 
basic steps (Fig. 3). While standing on the lower plat-
form, the participant initiated a step with the right leg 
towards the upper platform in response to a cue pro-
vided by the instructor.

The consecutive trials were then performed with 
the following scheme (where rH – right Hand, LH – 
Left Hand, rL – right Leg, LL – Left Leg):

SUbJEcT No. 1: rH | LH | rL | LL | basic step 
SUbJEcT No. 2: LL | rH | LH | rL | basic step
SUbJEcT No. 3: rL | LL | rH | LH | basic step
SUbJEcT No. 4: LH | rL | LL | rH | basic step
and continued with the rest of the subjects.

Data analysis

Data was analyzed using the “SMArTanalyzer” soft-
ware, where two function were used to analyze the 
ground reaction force signal recorded during the ex-
periment. by using a “Truncate over a threshold” func-
tion, the signal recorded was set with a cutoff of 15 N 
(anything below was considered noise). Then, by using 
the “Local max, outside stable region” function (with 
the parameters set at: local ray – 400 ms, amplitude 
std – 5%, min stable width – 100 ms), the times that 
corresponded with the local maximal values were found. 
The obtained values were then exported as text files.

For the first task (reproducing a rhythm with the 
upper and lower limbs), the signal was recorded as  
a sequence of force values at discrete time intervals, i.e., 
the beats of the metronome (Fig. 4). The time interval 
between the consecutive maximal values were com-
pared to the intervals defined by the metronome and 
thus the rhythm reproduction error was evaluated. In 
a similar way was the rhythm reproduction error found 
in the second task (the basic step), with the stepping 
rhythm being now defined by the force impulses re-
corded when the foot stepped up on the platform (Fig. 5). 
From the data collected the maximal (vertical compo-
nent) value of the ground reaction force Fmax (N) as 
well as the time of error (s) were estimated. Statistical 
analyses were performed using the Wilcoxon signed-
rank test (paired difference test) and Spearman’s rank 
correlation coefficient.

Results

Upper and lower limbs movement symmetry and 
rhythm reproduction symmetry during step 

In order to state whether there is indeed symmetry 
found in the production of a rhythm with dominant 
and non-dominant limbs, the rhythm reproduction 
errors calculated for the upper and lower limbs were 
compared. No statistically significant differences were 
found between the dominant and non-dominant as well 
as upper and lower limbs. On the other hand, statisti-
cally significant differences were found between the 
rhythm reproduction error found when performing step 
and when the lower limbs tapped out the rhythm in 
the first task (Tab. 1).

A comparison of the minimal and maximal values 
of the rhythm reproduction error points to a consider-
able difference found among the study group, and this 
applies to data collected during the upper and lower 
limb task as well as during the basic step task. There-
fore it is was considered whether the level of accuracy 
in reproducing rhythm with the dominant limb cor-
responds to the one for the non-dominant limb. It was 

Figure 5. An example of the ground reaction forces during 
the basic step tasks

---- put on the heel on the plate – beat of digital metronome

---- tap on the plate, – beat of the digital metronome

Figure 4. An example of the ground reaction force 
generated when hitting out the rhythm with the upper  

and lower limbs

Figure 3. basic step
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on this basis that Spearman’s correlation coefficient 
was calculated (Tab. 2). A correlation was found be-
tween the rhythm reproduction error only for the lower 
limbs, which means that the rhythm reproduction ac-
curacy for the right upper limb is not correlated with the 
corresponding accuracy for the left upper limb. Simi-
larly, no correlation was found between the rhythm 
reproduction accuracy during step aerobics and the 
rhythm reproduction accuracy for the right and left 
lower limb.

repeatability of generating force in rhythmic 
movements of the lower and upper limbs

In cyclic movements of constant rhythm, the repeat-
ability of an individual cycle duration is dependent upon 
the smooth transition between the concentric and ec-
centric activity of agonist and antagonist muscles that 
are responsible for such movement. This results in both 
the repeatability of the durations of consecutive cycles 
and the repeatability of the force generated by the mus-
cles. based on standard deviations and minimal and 
maximal values it can be stated that the study partici-
pants were found with a low repeatability of the re-
corded ground reaction forces values. It is interesting to 
note that higher, although not statistically significant, 

values were found for the dominant limb as well as both 
right and left ones (Tab. 3).

The Spearman correlation coefficient found be-
tween the ground reaction forces recorded during the 
rhythmic movement of the dominant and non-domi-
nant limbs and during the step task suggests a relation-
ship between the dominant and non-dominant limbs. 
This means that in individuals who obtained high 
ground reaction forces values when using their domi-
nant limb to follow. This means that in individuals 
who obtained high ground reaction force values when 
using their dominant limb to follow rhythm, whether 
the upper or lower limb, they attain similar values of 
force for their non-dominant limb. No correlation was 
found between the body mass of the participants and 
the ground reaction forces produced with the upper or 
lower limbs when hitting out to a rhythm, but there 
was a correlation between the body mass and the ground 
reaction forces during step aerobics (Tab. 4).

Table 2. Spearman’s correlation coefficient of the musical 
rhythm reproduction error between the upper and lower 

limbs, and the basic step

Pair of variables R t(N–2) p

Dominant hand  
& non-dominant hand 0.2532 1.3600 0.1851

Dominant leg  
& non-dominant leg 0.5759 3.6601 0.001*

Step & dominant leg 0.3156 1.7279 0.0954
Step & non-dominant leg 0.1878 0.9930 0.3295

* coefficients significant at the level of p < 0.01

Table 3. Ground reaction forces (N)  
during rhythm reproduction

Variable Mean ± SD (N) Min. (N) Max (N)

Dominant hand 77.4 ± 64.98 15.57 381.48
Non-dominant hand 67.3 ± 29.92 14.22 146.70
Dominant leg 239.6 ± 104.38 69.66 535.03
Non-dominant leg 227.7 ± 114.53 69.45 575.28
Step 617.1 ± 72.11 505.14 839.22

Table 1. Mean values and standard deviations of the 
musical rhythm reproduction error for the upper and 

lower limbs, and during the basic step

Variable Mean ± SD (s) Min. (s) Max (s)

Dominant hand 0.018 ± 0.0054 0.0098 0.0309
Non-dominant hand 0.019 ± 0.0100 0.0106 0.0591
Dominant leg 0.020 ± 0.0067 0.0107 0.0415
Non-dominant leg 0.017 ± 0.0052 0.0092 0.0270
Step 0.026 ± 0.0084 0.0131 0.0506

* significant at the level of p < 0.01 Table 4. correlation coefficients between the forces 
generated by the dominant and non-dominant limbs, the 
ground reaction force during step, and the body mass of 

participants 

Pair of variables R t(N–2) p

Dominant hand  
& non-dominant hand 0.7980 6.8811 0.0000*

Dominant leg  
& non-dominant leg 0.6271 4.1832 0.0003*

Step & dominant leg 0.2291 1.2229 0.23192
Step & non-dominant leg 0.2838 1.5378 0.13574
body mass  
& dominant hand 0.0470 0.2444 0.80874

body mass & non- 
dominant hand –0.0427 –0.2225 0.82558

body mass  
& dominant leg –0.0067 –0.0347 0.97257

body mass &  
non-dominant leg 0.0579 0.3012 0.76556

body mass & step 0.46921 2.7609 0.0102*

* coefficients significant at the level of p < 0.01

Table 5. coefficient of variability of force and rhythm reproduction error during step

Pair of variables Force rhythm repro duction error R t(N–2) p

Force and rhythm reproduction error 4.2 ± 0.95 90.6 ± 22.00 0.333 1.8323 0.0779
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The next problem which was considered in this study 
was the search for a relationship between the force gene-
rated during step and the rhythm reproduction error. 
The ground reaction force variability index calculated 
for each participant during step was correlated with the 
rhythm reproduction error index (Tab. 5). both a high 
individual repeatability of ground reaction forces and 
high individual variability of the rhythm reproduction 
error were found.

Discussion

The basic step (stepping on and then off the step 
bench) in step aerobics is the most common form of 
movement for beginners of step aerobics. It is accom-
panied by music in which every beat is paired with  
a movement of the right or left limb. Most often the 
movement of the right lower limb is accompanied by 
a movement of the left upper limb, which requires  
a fairly high level of movement coordination by its par-
ticipants. Hence, the reason for studying whether there 
is symmetry in the rhythmic movement of the right and 
left limbs, and whether there exists a relationship be-
tween the accuracy of movement during step aerobics 
and accuracy of movement of just a single limb. Many 
authors found asymmetry between the right and left 
side of the body (specifically, the limbs) in terms of ac-
curacy of movement, structure of movement, maximal 
torque [18]. In contrast, barral and Debu [6] found the 
same movement accuracy in the right and left hand of 
a group of studied women. In the research presented 
here, no statistically significant differences in the repeata-
bility of rhythmic movement were found between the 
dominant and the non-dominant as well as upper and 
lower limbs. The existence of a correlation in the rhythm 
reproduction error between the limbs of the right and 
left sides of the body leads to the conclusion that if 
someone has considerable rhythm reproduction error 
in one limb then they would equally move as poorly 
to the rhythm with the other limb. It can therefore be 
assumed that, for a given individual, a particular level 
of rhythmization ability of the dominant limb corre-
sponds to a similar rhythmization ability level of the 
non-dominant limb. The lack of difference found be-
tween the limbs may be implied by the fact that moving 
to a rhythm in cyclical movements is much easier than 
in acyclical movements [19]. It could be that this occur-
rence of lateralization manifests itself only in extreme 
conditions, i.e. when a movement must be executed at 
a high velocity, which has been found in research cited 
in Olex-Zarychta and Juras [6]. Moreover, in the cited 
studies, the accuracy was assessed for a movement exe-
cuted at an imposed rhythm. The research found here 
focused on the time structure and not on the spatial 
structure of movement.

The second issue considered in this paper was the 
symmetry/asymmetry of the forces generated in cyclical 

movements. We did not find statistically significant dif-
ferences in asymmetry of force generated by the upper 
and lower limbs. It was found that the dominant and 
the non-dominant limbs produce similar values of forces. 
The occurrence of such dynamic lateralization in the 
production of force by the right or left upper and lower 
limb, or of the symmetric trunk muscles was described 
by many authors, which was collected during maximal 
voluntary contraction or at maximal velocity of move-
ment [20]. In addition, a lot of information on the asym-
metry/symmetry of movements between the right and 
left upper limb can be found in studies that investigated 
bimanual coordination. riley et al. [1] found that func-
tional asymmetry is reliably evident in a task that re-
quires no spatial or temporal distinctions in the behav-
iors of the two hands. Murian et al. [21] found that 
loading resistance and trial duration degraded bimanual 
coordination patterns. Jeka and Kelso [22] showed how 
the symmetry of coordinative dynamics between a hu-
man arm and leg is influenced by adding inertial mass 
to an individual limb. They found that loading the leg 
was intended to enhance the asymmetry, whereas load-
ing the hand was meant to decrease asymmetry.

Another issue considered in this study was the rela-
tionship between the force generated during step aero-
bics and the rhythm reproduction error (within the 
scope of injury prevention). It was assumed that an error 
free reproduction of rhythm is a result of muscle control, 
which manifests itself in optimization of forces pro-
duced by agonist, antagonist and synergist muscles, 
and in optimization of recruitment times. That is why 
it was expected that those participants characterized by 
a lower variability of force generation during step aero-
bics would move to a musical rhythm more accurately. 
What was found in this study is that the participants 
were characterized by a high repeatability of force gene-
ration and a very high variability of musical rhythm re-
production. As rhythmization ability is a dependent upon 
neuromuscular control, it was possible to infer that 
there is a correlation between the accuracy of rhythm 
reproduction with the limbs (e.g. the upper limbs) and 
the accuracy of moving to musical rhythm during step 
aerobics. Finding such a correlation would allow for 
the use of a simple tapping test with an imposed rhythm 
for individuals interested in exercising at fitness clubs, 
and to therefore adapt the form of exercises to the abili-
ties of the participants, thereby limiting the incidence 
of injuries.

Conclusions

1. No asymmetry was found in both the accuracy 
of reproduction of an imposed rhythm and in the val-
ues of the generated forces between the dominant and 
the non-dominant limbs (both upper and lower limbs).

2. body mass does not influence the force generated 
during rhythm reproduction with the upper and lower 
limbs.
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3. There exists a relationship between the force gen-
erated by the dominant limb and the one generated by 
the non-dominant limb. 

4. During step walking, the study participants were 
characterized with a high repeatability of generated 
force and also by a high variability in following a mu-
sical rhythm.
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